This paper uses a simple empirical approach to estimate vulnerability to food inadequacy using a cross-section data from the 2001 Timor-Leste Living Standard Measurement Survey. This measurement is based on the assumption that households are exposed to the same kind of shock. We find that the distribution of vulnerability to food inadequacy over education of household head is more significant than that of observed food poverty. Our results support the argument that senior primary and tertiary education can help reduce the food risk that households face, i.e., the risk that a household is undernourished. Thus, public spending on these forms of education can provide a form of buoy that favors the poor in Timor-Leste.
I. Introduction
Whereas there is considerable evidence linking inadequate education to poverty, it is somewhat surprising that so little work has been done on the impact of education on under-nutrition (food poverty), despite the obvious importance of such research. The
Timor-Leste Living Standard Measurement Survey (TLSS) of 2001 provides a unique source to fill this lacuna in the case of Timor-Leste by studying the effect of education on food poverty. Before 1999, education in Timor-Leste was quite underdeveloped.
Following the vote for independence in a referendum in August 1999, about 95% of the schools in Timor-Leste were burned down by pro-Indonesia militia and about 20% of primary school teachers and 80% of secondary school teachers left the country.
However, within 18 months after such widespread destruction, the school system was largely rebuilt (Wu, 2003) .
In this paper, our first goal is to understand how education can play a role in reducing food poverty. Here, we conceive of food consumption as a measure of economic well-being to address the concern that total consumption may rise above the poverty threshold in the short-term due to sporadic purchase of durables or other lumpy goods (Luttmer, 2002) .
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Traditionally anti-poverty policy was only concerned with bringing the poor above the poverty line. However, economists have long realized that if individuals are risk averse, a household's sense of well-being depends not just on its average income or expenditures, but also on the risks it faces and its ability to deal with these risks. A household or individual is adequate in food today but can become inadequate in the future because of shocks like disease, job loss, or natural disasters. Especially in TimorLeste, food security is a concern because food availability is aligned with the harvest established facts: (i) the poor are typically most exposed to diverse risks, and (ii) the poor have the fewest instruments to deal with these risks.
Conceptually, studies differ in their definitions of vulnerability, partly due to the limitation of data. In this paper, following Chaudhuri et al., (2002) , we define vulnerability to food inadequacy as the probability that a household will not have enough food in the future. 2 Ideally, with a panel data of sufficient length we can directly estimate the probability distribution of the household's food consumption. However, panel data are typically not available, especially in developing countries like TimorLeste. In practice, cross-sectional data can be used to estimate the inter-temporal variance by assuming homoskedasticity (Gibson and Rozelle, 2003) or allowing heteroskedasticity with the variance depending on some observable household characteristics, like mean of household consumption (Chaudhuri et al., 2002 ).
The Chaudhuri et al., (2002) method is based on the assumption that idiosyncratic shocks to consumption are identical overtime for each household, ruling out the possibility that most parts of Timor-Leste face large fluctuation in food availability. This paper relaxes this assumption by calibrating the food consumption for each month over the year by using information about a subjective answer. This helps us estimate the standard error over time and compute the vulnerability for each household.
Thus this paper pursues three objectives. First, it examines food poverty in Timor-Leste and demonstrates the relationship between food poverty and education.
Next, it identifies the determinants of both food poverty and vulnerability to food inadequacy. Finally, it helps us understand the role of education policies in overcoming food poverty in Timor-Leste.
The plan of the paper is as follows. Section II discusses the data and measurement of food poverty. Section III briefly discusses the recent situation of poverty and education in Timor-Leste. Section IV discusses determinants of food poverty in Timor-Leste. Section V analysis vulnerability to food inadequacy and section VI concludes the paper. To the best of our knowledge, this is the first analysis the role of education in reducing food poverty and vulnerability to food inadequacy in Timor-Leste. 
II. Data and measurements of food poverty
Data used in this paper come from the TLSS which was conducted between August and November 2001. This survey was designed to diagnose the extent, nature and causes of poverty. It assembles information on household demographics, housing and assets, household expenditures and some components of income, agriculture, labor market data, basic health and education, subjective perceptions of poverty and social capital.
The TLSS has a sample size of 1,800 households from 100 susos (villages), or about one% of the total number of households in Timor-Leste. It covers three areas: the Major Urban Centers (Dili and Baucau), the Other Urban Centers and the Rural Areas.
Within rural areas it covers three broad geographic regions (West, Center and East). To ensure that each analytical domain contained a sufficient number of households, the sample was stratified to 450 households in the Major Urban Centers (378 in Dili and 72
in Bacau), 252 households in the Other Urban Centers and 1,098 households in the Rural
Areas.
The sampling of households in each stratum followed a three stage procedure. In the first stage, a certain number of sucos were selected with probability proportional to size: 4 in Urban Baucau, 14 in Other Urban Centers and 61 in the Rural Areas. In the second stage, 3 aldeias (loosely localities) in each suco were selected, again with probability proportional to size. In the third stage, 6 households were selected in each aldeia with equal probability. This implies that the sample is approximately self weighted within the stratum Otherwise, it may be necessary to use the pseudomaximum likelihood estimation, to taking into account effect of clustering, which can be implemented by using 'svy-intreg' in STATA (Gibson and Rozelle, 2003 Based on our estimation from the TLSS, 33.1% of Timor-Leste's rural population and 28.6% of the urban population live in household in which the real value of food consumption per capita is below the food poverty line. Table 3 illustrates that the differences in regional food poverty rates are not really significant, except that the poverty rate in rural areas is slightly higher than that in urban areas. However, since the rural population accounts for 79% of the nation's population, the rural poor account for 81.2% of Timor-Leste's poor making it clear that food poverty in Timor-Leste is predominantly a rural problem. Timor-Leste faces not only food inadequacy but also vulnerability to food inadequacy. Figure 1 illustrates the large fluctuation in food availability in Timor-Leste though a year. As a result, at the national level, on average, for 3.6 months of a year, the population does not have adequate food (Table 4) . In contrast to food poverty rates, the differences in number of months with food inadequacy between rural and urban areas are significant. For example, on average, households in Dili/Baucau experienced 1.8 months a year with food inadequacy, compared to roughly 4 months in rural areas. This again raises concern about food insecurity that the population is exposed to. number of years lived in the dwelling, distance to the center.  Access: distance to aledaie center Table 5 provides some descriptive statistics on these variables. 
Results from the food consumption estimation
The results of the basic model of food consumption estimated using OLS are reported in Table 6 , column 1. In general, the model performs well. The goodness of fit measure, R 2 , is 0.33, sufficiently high for models using cross-sectional data. In addition, many coefficients of control variables have the expected sign and are statistically significant.
For example, the results show that large household size significantly reduces expectation of food consumption. It is well-known that families with many children are, on average poorer, ceteris paribus. However, this negative effect weakens with household size since the coefficient on (average) household size squared is positive and significant. We also found both age and gender of the household head to be associated with expected food consumption: consumption is higher for households with older males as heads. The occupation of head also has an effect on food consumption level: consumption is lower for households with heads who are working as house workers or farmer, but higher for households with heads who are working as traders.
As expected, possession of assets is positively associated with food consumption level. It can be seen from Table 6 that the fact of landownership significantly increases the household's expectation of food consumption. However, we do not find any significant evidence that savings is associated with mean of future consumption.
After controlling for the region, demographic, education, occupation, housing and assets factors, the dummies for education of household head have positive coefficients, of which dummies for senior primary and university/academia level education have significant effects. It implies that there are significant gains from senior primary and tertiary education of the household head.
Robustness check
One potential problem with estimating equation (1) is that the dummies measuring education qualification of household heads could be endogenous. It is possible that the households who spend more on food expenditure also have more opportunity to obtain higher education. To address this problem we can use an instrumental variable which is correlated to education indicators but independent of food consumption. The variable used in this paper is household's monthly real expenditure on education, also available in the survey. Figure 3 shows that there is no evidence of correlation between expenditure on food and education. The results show that households with higher expenditure on education have higher food consumption per capita (Table 6 , column 2).
The results once again support our hypothesis that improving education will raise food consumption. Log of real pc monthly expenditure on food
V. Vulnerability to food inadequacy in Timor-Leste

Empirical strategy toward measuring vulnerability
As expected poverty, vulnerability to food inadequacy is the risk that a household (or individual) will, if currently having enough food, be inadequate in food, or if currently being inadequate in food, will remain inadequate in food or fall deeper into under- consider two vulnerability thresholds. The first is the observed current poverty rate in the population. The alternative threshold is 0.5. This threshold indicates that a household whose vulnerability level exceeds 50% is more likely than not to end up being poor and can thus be considered to be vulnerable (to poverty). In this paper, we take the threshold probability level that defines a household vulnerable to poverty to be 0.5. This threshold has the advantage 4 that if a household is just at the poverty line and expects a mean zero shock it has vulnerability to poverty of 0.5 (Pritchett et al., 2000) .
To derive exact results, some parametric assumptions are needed concerning the distribution of consumption. An assumption that has proven to be a good approximation in a wide variety of settings is that consumption follows a lognormal distribution (see In practice, cross-sectional data can also be used to estimate conditional mean and the inter-temporal variance by assuming homoskedasticity (Gibson and Rozelle, 2003) . However, the homoskedasticity assumption rules out the possibility that different households face different volatilities of consumption. Hence, Chaudhuri et al. (2002) allowed heteroskedasticity and the variance to depend on some observable household characteristics, like conditional mean. The resulting estimation is based on the assumption that idiosyncratic shocks to consumption are identical overtime for each household.
The assumption seems quite restrictive, especially since most parts of Timor-Leste face large fluctuation in food availability (World Bank 2003b). 4 We could have used the alternate threshold mentioned. This would have raised the proportion of the vulnerable but would not have the advantage mentioned below. We have modelled vulnerability as per alternate thresholds but do not include the results for lack of space. These results are available upon request.
In this paper we try to take into account the information about household's capacity to keep food consumption constant over the year. This information is revealed in the survey in the Section on Subjective Wellbeing. In the survey, households are interviewed on whether they have enough food, not enough food or more than enough food in the current month (corresponding to the consumption used in the above models) and the past twelve months. We assume that the subjective wellbeing answer can be a proxy for idiosyncratic shocks to household's food consumption. More specifically, the shock will take value 0 if the answer is 'enough', s if the answer is 'more than enough' and s  if the answer is 'not enough'. Here, we assume that these shocks are identical to all households so there is no subscript i below s . The model for food consumption is then specified to include the 'shock' variable (Table 6 , column 3). Afterward, the consumption can be predicted for each month of the year to obtain a series of monthly food consumption over the year for each household. From these series we will estimate inter-temporal standard error of month food consumption i  for household i in Eq. (1).
A profile of vulnerability to food inadequacy in Timor-Leste
Based on the estimation results for mean (Table 6, Firstly, Table 7 presents vulnerability to food inadequacy by region. The distribution of households who are vulnerable to food requirement across the regions is approximately the same as the observed incidence of food poverty in Table 3 , except that rural west is the most vulnerable region and the rural center is observed to be the poorest.
We then consider the distribution of vulnerability by education of household head. It is clear from Table 8 that the distribution of vulnerability to food inadequacy over education of household head is more significant than that of observed food poverty.
For example, of the population living in households with heads with degrees of university or academia, 9.9% are observed to be inadequate in food but none is expected not to have enough food in the future. At the same time, of the population living in households with heads who did not go to school or finished only with lower primary school, 27.5% are observed not to be undernourished but up to 33.8% expected to have inadequate food. In general, the less education the household head obtained the higher the level of vulnerability to food inadequacy the household faces. 
Determinants of volatility of food consumption
To understand the role of education in reducing the volatility of food consumption we ran a regression of standard error of log food consumption on indicator variables for education and some observable control variables. Selection of control variables is the same as in the model for food consumption (Table 6 , col.1). The estimation results using OLS are reported in (Table 9 , col.1). In general, the model performs well. The goodness of fit measure, R 2 , is 0.30, sufficiently high for models using cross-sectional data. In addition, coefficients of many control variables have the expected sign and are statistically significant. We now turn to a brief discussion of the empirical findings.
It is not clear whether living in urban or rural area is associated with higher volatility of food consumption. The results show that large household size significantly increases volatility of food consumption, ceteris paribus. This can be explained by the fact that the larger the household size the harder for the household to cope with temporary food shortage.
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However, this positive effect weakens with household size because the coefficient on (average) household size squared is negative and significant.
We do not find any significant association between age or gender of the household head with volatility of food consumption. However, the occupation of household head has a significant effect on food consumption volatility: food consumption volatility is lower for households with heads who are working as house workers or farmers, but higher for households with heads who are working as traders.
As expected, assets are associated with the volatility of food consumption. It can be seen from Table 9 that savings significantly reduces food consumption volatility.
However, we don't find any significant evidence that holding land is associated with volatility of food consumption.
After controlling for the region, demographic, education, occupation, housing and assets factors, the dummies for education of household head have negative coefficients, of which dummies for senior primary and university/academia have significant effects. The results also show that there a significant gain from education of the household head in reducing the food consumption volatility.
One potential problem with estimating equation (1) is that the dummies measuring education qualification of household heads could be endogenous. It is possible that households who spend more on food expenditure also have more opportunity to obtain higher education. To address this problem we can use an instrumental variable which is correlated to education indicators but independent from food consumption. The variable used is household's monthly real expenditure on education also available in the survey. Figure 3 shows that there is no evidence of correlation between expenditure on food and education. The results show that households with higher expenditure on education have higher food consumption per capita (Table 6 , col. 2). The results once again support our hypothesis that investing in upper primary and tertiary education will raise food consumption. 
VI. Conclusion
Our paper supports the argument that education, particularly at higher levels, 6 can help reduce the risk of food inadequacy faced by households. Thus, spending on these forms of education can provide a form of buoy that favors the poor. This is an especially relevant finding in Timor-Leste, in part because the existing education system is underdeveloped since gaining independence. We used a simple empirical measurement that allows estimating the vulnerability to food inadequacy from a cross-section data in the 2001 Timor-Leste Living Standard Measurement Survey. This measurement is based on the assumption that households expose to the same kind of shock. We found that the distribution of vulnerability to food inadequacy over education of household head is more significant than that of observed food poverty. While this approach cannot capture all dimensions of vulnerability, it at least begins to raise the policy interest that vulnerability should be considered alongside poverty.
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A similar result has been found for the case of poverty in India by Jha et al. (2007) . 
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